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Abstract
The world recently witnessed the emergence of new epidemic outbreaks like COVID-19 and mpox. The 2022 outbreak 
of mpox amid COVID-19 presents an intricate situation and requires strategies to combat the status quo. Some of the 
challenges to controlling an epidemic include present knowledge of the disease, available treatment options, appropriate 
health infrastructures facilities, current scientific methods, operations concepts, availability of technical staff, financial 
funds, and lastly international policies to control an epidemic state. These insufficiencies often hinder the control of 
disease spread and jeopardize the health of countless people. Also, disease outbreaks often put a huge burden on the 
developing economies. These countries are the worst affected and are immensely dependent on assistance provided from 
the larger economies to control such outbreaks. The first case of mpox was reported in the 1970s and several outbreaks 
were detected thereafter in the endemic areas eventually leading to the recent outbreak. Approximately, more than 80,000 
individuals were infected, and 110 countries were affected by this outbreak. Yet, no definite vaccines and drugs are avail-
able to date. The lack of human clinical trials affected thousands of individuals in availing definite disease management. 
This paper focuses on the epidemiology of mpox, scientific concepts, and treatment options including future treatment 
modalities for mpox.
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Introduction

Amidst the COVID-19 pandemic, another public health con-
cern emerged as a potential threat to afflict people globally, 
i.e. an abrupt increase in the incidence of mpox (monkey-
pox) cases. Indeed, starting from mid-May 2022, cases of 
human mpox have significantly risen in several non-endemic 
countries worldwide, leading to the declaration of the ongo-
ing outbreak of mpox as a Public Health Emergency of Inter-
national Concern (PHEIC) by the World Health Organiza-
tion (WHO) in July 2022 [1, 2]. Mpox disease is caused by 
the mpox virus (MPXV), a double-stranded DNA virus from 
the Orthopoxvirus genus, belonging to the Poxviridae family 
[2, 3]. The same genus includes the variola virus, a known 
causative agent of smallpox [2]. Genetically, MPXV is iden-
tified with two types of clads. Clad I, also known as Congo 
Basin clad, is mostly clustered in the Central-South Cam-
eroon region till DRC. Infections from this clad are more 
severe with case fatality rates (CRF) > 10%. Clad II also 
referred to as West African clad, commonly distributed in 

 *	 Hardeep Singh Tuli 
	 hardeep.biotech@gmail.com

	 Samriddhi Ranjan 
	 sranjan@masonlive.gmu.edu

	 Kanupriya Vashishth 
	 dr.kanupriyavashishth@gmail.com

	 Katrin Sak 
	 katrin.sak.001@mail.ee

1	 College of Public Health, George Mason University, 4400 
University Drive Fairfax, Fairfax, VA 22030, USA

2	 Advance Cardiac Centre Department of Cardiology, 
PGIMER, Chandigarh 160012, India

3	 NGO Praeventio, Tartu, Estonia
4	 Department of Biotechnology, Maharishi Markandeshwar 

Engineering College, Maharishi Markandeshwar (Deemed 
to Be University), Mullana‑Ambala, Haryana 133207, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s40495-023-00318-y&domain=pdf


145Current Pharmacology Reports (2023) 9:144–153	

1 3

western Cameroon to the Sierra Leon area, is further divided 
into sub-clad groups as IIa and IIb (also now referred to as 
clad III) having a CRF < 1% [4, 5]. Overall reported human 
case fatality rates (CFRs) range between 3.6 and 10.6% in 
the endemic regions [2]. In the current 2022 outbreak, clad 
IIb was predominant [6, 7]. To date, the exact animal res-
ervoir for the mpox virus (MPXV) has remained unknown. 
However, few native African rodents (Gambian giant rats) 
and squirrels are suspected to be natural reservoirs of the 
virus. Common species which were frequently infected with 
MPXV are squirrels, Gambian giant rats, strip mice, dor-
mice, and primates [8].

Emergence of Mpox

The first outbreak of mpox was reported in 1958 in a group 
of 10 captive monkeys at the Statens Seruminstitut, Copehen-
gan, Denmark, and Centre d’Enseignement et de Recherches 
de Medecine aeronautique, Paris. No human infection was 
reported in individuals who were in close contact with 
infected monkeys. Subsequently, the mpox outbreak occurred 
for the first time in humans between 1970 to 1971 [9]. The 
first case was reported in a 9-month-old boy residing in a 
remote village of the Democratic Republic of Congo (DRC), 
admitted to a local hospital suspected of smallpox infection. 
Samples from infected individuals were sent to the WHO 
Smallpox Reference Center, Moscow, revealing mpox infec-
tions in virus isolates [10]. When inspected from family, 
monkeys were part of the diet, and their skins were also pro-
cessed in this area. However, no other cases including second-
ary infections were reported in the community. Nonetheless, 
seven more cases were reported during this time period [9]. 
The World Health Organization in 1967 took the initiative to 
collaborate with laboratories to conduct cooperative studies. 
This was to conduct serological surveys, identify mpox out-
breaks, and determine the natural foci of the virus. However, 
these surveys failed to state any major findings and concluded 
mpox is not a widespread disease and can exist only in the 
local environment [9]. Ever since, there has been a subsequent 
upsurge of mpox cases, mostly recorded in the DRC province. 
Approximately, 80% of the cases were reported in this region 
from the years 1970–1997 [11]. For the past five decades, 
DRC is the most affected country with mpox; no other country 
had reported an mpox outbreak to such an extent [12].

The initial mpox outbreak that was reported in DRC mostly 
affected children below 10 years of age. A slight male pre-
dominance was observed in the systemic review conducted 
by Beer and Rao [11]. Most of the initial outbreaks occurred 
among individuals living in small rural areas or residing 
close to humid evergreen tropical forests or individuals com-
monly involved with bushmeat hunting [11]. Geographically, 
the spread of infection from 1970 to 2003 concentrated in 

the Central and Western parts of Africa (Table 1). Coun-
tries which frequently reported infections were Cameroon, 
the Central African Republic, Gabon, Sierra Leone, Liberia, 
Nigeria, and Cote d’Ivoire, yet greater outbreaks were mostly 
detected in DRC [13]. An active surveillance programme was 
carried out by WHO between the years 1981 to 1986 reporting 
total confirmed cases of 338 and 33 deaths, an almost 20 times 
rise in the reported case after the surveillance [10, 11]. A 
slight drop in the incidence of disease was observed between 
the period of 1993–1995. But soon after, DRC witnessed a 
major outbreak from 1996–1997 [13]. A total of 511 cases 
were recorded with a surge in secondary transmission rates 
of up to 78% and a fatality rate between 1 and 5% [10, 13].

In 2003, the mpox outbreak occurred for the first time 
in the USA, outside the African continent. The index case 
was a 3-year-old girl, bitten by an infected prairie dog, 
imported from Ghana along with other African rodents to 
the USA [14]. A total of 71 cases were reported, includ-
ing both suspected and laboratory-confirmed cases, as per 
the CDC report [15]. During the period of 2005, mpox was 
registered for the first time in the dry savannah region of 
Sudan. Overall, 40 cases both suspected and confirmed were 
recorded. In this outbreak, a change in the genomic structure 
of MPXV was observed as compared to the MPXV tradition-
ally reported in DRC suggesting the adaptability of MPVX 
in dry regions from humid evergreen tropical forests [10]. 
In the year 2018, mpox travelled for the first time to the UK 
and was reported in the European continent. Only two cases 
were registered, in individuals, which had a travel history 
to Nigeria [16]. Nevertheless, with the advent of 2022, the 
world saw a major outbreak of mpox (Table 1).

Mpox Outbreak 2022

Mpox is endemic in Central and West Africa, where hun-
dreds of cases were detected annually for many years, 
acquired mostly from wild animals and most rarely from 
infected humans [1, 3], which results in a sporadic spillo-
ver of cases in humans as observed in the MPVX endemic 
regions [5]. However, in the 2022 outbreak of mpox, most 
of the cases were reported in non-endemic countries like N. 
America, S. America, and Europe (Fig. 1) [17]. Although 
the origin of the 2022 outbreak is still unknown, it is highly 
likely that the initial infection has been imported from 
an endemic country, allowing the circulation of the virus 
through close physical contacts among humans [1, 18]. For 
the first time, mpox was documented with transmission 
chains in countries which had no immediate contact with 
Central or Western Africa [19, 20]. This suggests a prob-
ability of undetected MPXV circulating in the local popula-
tion in the outbreak-hit regions causing disease transmission 
in humans [17]. Being a DNA virus, mpox is more stable 
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in nature and may have possibly evolved as a potent virus 
causing infections in humans in the due course of time [17]. 
Daniel et al. reported 6–12 times higher mutation rates in 
mpox as previously estimated [6]. Human to human trans-
missibility of mpox has also evolved in these decades [21, 
22]. Vertical infection of mpox has been also reported. Preg-
nant mothers infected with mpox had miscarriages during 
the first trimester of pregnancy [6]. Perinatally acquired 
mpox infection was registered in a 9-day year old neonate 
as well [23]. Transmissibility of infection within the family 
especially from parents to children have also been stated to 
increase [20, 22]. The degree of transmissibility of the dis-
eases, popularly known as R0, reported in the 1980 for mpox 
was 0.83. However, in the 2022 outbreak, the R0 reported 
was 1.1–2.4 [21, 24]. Pan et al. suggested the increase in the 
R0 is due to decreased immunity of individuals due to the 
absence of smallpox immunization and high contact rates of 
infection in the MSM community [6].

As per the WHO, till 17 March 2023, the total con-
firmed cases for mpox were 86,601, with 1265 probable 
cases reported with 112 deaths. Globally, 110 countries 
were affected by mpox so far (Fig. 2) [20]. Approximately 

34.7% of cases were reported in America, the worst affected 
country [20]. Majority of the infection occurred through 
household contacts (43%) and by sexual encounters (43%) 
[20, 22]. Commonly affected individuals were young males 
who were not vaccinated against smallpox and have had sex 
with men. There was a slight male predisposition, with the 
median age reported as 34 years (IQR: 29–41). Around, 98% 
of individuals who were infected were either gay or bisexual, 
among which 41% of the people were HIV infected [4].

On 23 July 2022, mpox was declared a public health 
emergency by the Public Health Emergency of International 
Concern (PHEIC), depicting a risk of international spread, 
along with significant international coordination to control 
the disease [25].

Clinical presentation of this disease includes three distinct 
phases, i.e. incubation, prodrome, and rash [2]. The incuba-
tion period can last for 3 to 20 days with the median being 
7 days followed by the prodrome phase that is characterized 
by lethargy, myalgia, headache, fever, and lymphadenopathy 
which may last up to 5 days (Fig. 3) [2, 4, 18]. Lymphad-
enopathy is one of the critical features of the progression of 
the disease and often reported before the development of 

Table 1   Decade-wise spread of mpox across different countries between 1970 and 20209,10
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Fig. 1   Countries reporting 
mpox historically vs countries 
reporting an mpox outbreak 
as recorded in an early March 
2023 report by CDC19
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skin lesions [18]. Fever is usually followed by multiple papu-
lar, ulcerative, and vesiculopustular skin lesions [4], which 
progress from macules to papules, vesicles, pustules, crusts, 
and lastly scab, presenting for up to 4 weeks [2, 18]. In 95% 
of the cases, skin lesions appears [4]. Common anatomical 

sites for skin lesions were anogenital with approximately 
73% of cases followed by trunk, arms or legs, face, and even-
tually palms and soles, only accounting for 10% of the cases. 
Lesions developed contain infectious virus particles, through 
which the infection can be transmitted directly with human 
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Fig. 2   Mpox number of cases and deaths recorded in early March 2023 across the continent as per the report by CDC19

Fig. 3   Common features 
reported in mpox infection4
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contacts [2]. Secondary complications include pneumonia, 
encephalitis, keratitis, gastroenteritis, sepsis, and secondary 
bacterial infections, affecting mostly patients with a previous 
diagnosis of HIV infection [2, 4, 5].

Current Treatment Modalities 
and Prevention

The strategy for the prevention and treatment of mpox is 
very similar to the treatment of Orthomyxovirus infection 
[26]. The 2022 outbreak revealed the urgency to control the 
spread of mpox as it has caused a potential threat in many 
countries [27]. Presently, there is no definitive cure for mpox 
infection, mild symptoms are manageable, and further com-
plications can be avoided in patients with mpox with the 
help of supportive care [28, 29]. Studies have depicted that 
patients with mild symptoms recover without any treatment 
[30–32]. Treatment options available for smallpox are also 
effective in the treatment of mpox, as the clinical presenta-
tion of mpox and smallpox is very similar. These include the 
vaccinia vaccine, vaccinia immune globulin (IVG), and anti-
viral agents such as cidofovir, tecovirimat, and brincidofovir 
[32]. Furthermore, CDC recommends the use of the potential 
treatment options should be done depending upon the sever-
ity of the cases and for serious emergency cases, as the cur-
rent drugs pose severe adverse effects, and their therapeutic 
efficacy is still uncertain [33]. Antiviral drugs are a choice of 
treatment in immunocompromised patients, in patients with 
complicated lesions, in pregnant women infected with mpox, 
in breast-feeding women, and in the paediatric population 
[34]. Tecovirimat is the first line of action antiviral recom-
mended for the treatment of smallpox; it works by inhibiting 
the viral envelope protein, thereby blocking the final steps of 
virus maturation and release from infected cells, inhibiting 
the spread. As per the CDC guidelines, emergency access 
use of tecovirimat is allowed for compassionate use, for the 
treatment of Orthopoxvirus infections, such as mpox [35, 
36]. Cidofovir and its oral analogue brincidofovir are com-
monly approved drugs for the treatment of smallpox; both 
act by inhibiting viral DNA polymerase. Different studies 
have evaluated the effect of brincidofovir against Orthopox-
virus infections [37]. Studies done by Lanier et al. and oth-
ers on the effect of cidofovir and brincidofovir have been 
evaluated for mpox with some success [34, 37]. As per the 
recommended guidelines by CDC, preexposure smallpox 
vaccination has been advised for veterinarians, monkey-
pox contacts, healthcare workers caring for mpox patients, 
researchers, and field investigators [38]. Prior immunization 
with the smallpox vaccine has demonstrated some proven 
protective effects against mpox due to the cross-protective 
immunity provided by the smallpox vaccine. Furthermore, 
the severity of clinical manifestations is also reduced [39]. 

Currently, three available smallpox vaccines with the US 
national stockpile, i.e. JYNNEOSTM, ACAM2000, have 
been licenced (2007) for smallpox, the most recent being 
Aventis Pasteur Smallpox Vaccine (APSV) which could be 
potentially used for mpox on a case-to-case basis, under an 
investigational new drug (IND) protocol. JYNNEOSTM, 
a third-generation and live viral vaccine, is produced from 
the modified vaccinia Ankara-Bavarian Nordic [40–42]. 
Licenced in 2019, JYNNEOSTM is an attenuated non-rep-
licating orthopoxvirus. It is now indicated for both small-
pox and mpox prevention for adults. Further, ACAM2000, a 
second-generation vaccine constituted of live vaccinia virus, 
under the emergency access ACAM2000 is allowed for 
mpox during the outbreak. Researchers have demonstrated 
that these vaccines can be used as pre- and post-treatment 
options, i.e. either in preventing the infection and the disease 
or in ameliorating the infection and disease [34, 43, 44]. 
Studies have demonstrated that pregnant women, children 
less than 8 years of age, and immunocompromised patients 
should be given antiviral treatment than vaccination. These 
vaccines, although approved, have shown some local and 
systematic side effects such as fever, muscle pain, vaccinia, 
abdominal and back pain, fatigue, headache, lymphadenopa-
thy, etc. [42–44]. Researchers have also highlighted the need 
for maintaining appropriate social barriers such as avoiding 
close contact with affected individuals, avoiding contact 
with skin lesions of individuals infected with MPXV, etc. 
[44–46]. Vaccinia immune globulin intravenous (VIGIV) is 
a choice of treatment in case of severe infection with mpox, 
though there is a paucity of data about its effectiveness in 
treating mpox. VIGIV is also under SNS and can be admin-
istered under investigational new drugs held by CDC [29, 
30, 47–49]. Therefore, the treatment options and the repur-
posing of vaccines need to be considered on a case-to-case 
basis depending on the severity of cases and the immune 
state of patients [50] (Fig. 4).

Key Fundamental Findings of the Narrative 
Review

Some major key findings related to mpox are as follows: 
mpox was solely endemic to the region of DRC [11]. There 
has been a slow and steady increase in mpox cases which has 
adapted itself to develop into the current outbreak. Secondly, 
the 1996–1997 DRC outbreak highlighted the increase in 
secondary transmission rates of mpox, potentially getting 
adapted to spread in the human population [13]. Thirdly, 
the MPXV had adapted to thrive itself from the humid 
evergreen regions to the dry savannah region of Sudan, as 
observed in the 2005 outbreak, thus further demonstrating 
its environmental adaptability to flourish [10]. Lastly, inter-
national travel and commerce have given a wider chance 
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for the disease to spread as reported in the 2003 and 2018 
outbreaks of mpox in the USA and the UK [14, 16]. All 
these above factors have led to the 2022 outbreak of mpox, 
affecting every continent across the globe (Fig. 5).

Most of the consistent outbreak guidelines available from 
WHO or CDC only account for people with a high risk of 
exposure; these guidelines are based on the best available evi-
dence which is based upon risk–benefit analysis and other fac-
tors [51]. Available drugs for the treatment of choice are also 
limited and lack evidence-based studies in humans [29, 30, 
48]. This depicts an extensive need to increase the sustainable 
funding option to enhance our understanding of the develop-
ment of new drugs and vaccines to curtail the spread of mpox.

Implication in Future Research

The environmental, behavioural, and social reasons behind 
the 2022 mpox outbreak remain unknown to date [1]. A 
deeper understanding of mpox genetics and biochemistry is 
essential to control its outbreak. It is currently unclear how 
mpox is closely related and linked to the viral strain that 
is primarily found in western Africa, as well as the poten-
tial routes of rapid transmission. To further understand the 

immune defence mechanisms against MPXV, more research 
is needed on the human systemic and mucosal immune 
responses. As DNA viruses are more adept to correct muta-
tions; therefore, it is unlikely that the mpox virus will sud-
denly change during human transmission [24, 52]. It is yet 
unknown, whether vaccinations and earlier infections have 
given the population immunity. Additionally, exploratory 
studies are required to pinpoint the precise mpox virus 
reservoir, understand how the virus spreads naturally, and 
determine the causes of the present increase in cases across 
several nations. Currently, no potent drugs are available and 
limited evidence-based studies are being conducted for the 
treatment of mpox [29]. Most of the available choices of 
treatment are discussed in this paper (Fig. 6). Therefore, 
it becomes essential to investigate the domain of natural 
products with antiviral properties. This provides alternative 
treatment options, to prevent human to human spread of 
infection and restrict virus amplification in the host organ-
isms. There is a recent increased interest among the scien-
tific community to look into the numerous bioactivities of 
structurally unrelated natural compounds [53, 54]. Plant-
derived polyphenol resveratrol has beeb shown to signifi-
cantly suppress replication of MPXV affecting probably the 
viral DNA synthesis and inducing a comparable effect to the 

Fig. 4   A Symptoms and B mechanism of action of mpox antiviral therapy: cidofovir, brincidofovir, vaccinia immune globulin, and tecovirimat [50] 
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well-characterized Orthopoxvirus inhibitor, i.e. cytosine-1-
β-d-arabinofuranoside (AraC) [55]. Due to the pleiotropic 
action of natural compounds and lack of systemic toxicity, 
plant-derived agents may represent target compounds to 
be explored in future clinical trials to enrich the drug arse-
nal against Orthopoxvirus infections. Parallel to this, early 
detection of infected patients who are potentially capable 
of transmitting the infection is also crucial, pointing to the 
need for improved diagnosis (particularly in atypical clini-
cal presentations and asymptomatic cases), and better avail-
ability of molecular tests. Besides, such continual efforts 
of preclinical scientists and pharmaceutical companies, 

availability of health infrastructures, and medical staff are 
of critical importance—a situation still aggravated by the 
ongoing COVID-19 pandemic. A high-risk patient popula-
tion is possibly in danger of mpox nosocomial transmis-
sion and deserves more attention. Therefore, it is crucial to 
administer the proper supportive care [24]. Consequently, it 
is necessary to improve genomic sequencing capabilities to 
identify the mpox viral clade(s). The primary necessities are 
to combat the spread of mpox while dealing with the ongo-
ing COVID-19 pandemic and to include suitable and timely 
information campaigns for people at risk. It is challenging 
to create an evidence-based classification of drug safety and 
effectiveness having a brief history of mpox. Further stud-
ies on various animal models, which may affect medication 
exposure, are also encouraged. The focus of larger research 
should be on identifying the patients who are most at risk for 
consequences from mpox infection as well as the best timing 
for initiating and completing antiviral therapy.

Conclusion

The emergence of new diseases is one of the incessant 
threats which mankind can face. Persistent interference 
between the environment and humans creates an opportu-
nity for new infections to evolve. Over 75% of the patho-
gens, which are newly emerging, are zoonotic in nature [56]. 

Fig. 5   Global spread of mpox in 2023 outbreak19
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Several diseases like HIV/AIDS, Nipah, SARS, and Ebola 
including mpox have recently appeared. International travel 
and commerce and human behaviour often help disease 
to spread [56]. With the first emergence of mpox in 1958, 
little is still known about its reservoir host and vector of 
the disease. Despite repeated outbreaks of mpox over the 
past years, it has failed to gather scientific attention. There 
is a lack of understanding of mpox transmission dynam-
ics and disease evolution. In the areas endemic to mpox, 
regular disease surveillance is lacking. This also includes 
the need to promote funding for capacity building required 
for surveillance of the disease, research activities, and test-
ing facilities [17, 57]. The role of central bodies like the 
World Health Organization plays a major role in controlling 
such outbreaks. However, non-compliance to guidelines and 
regulations by health agencies like WHO severely impacts 
the control measures [25]. Boosting vaccine development 
and effective drug development is essential to prevent future 
outbreaks. In addition, new plant-derived products could be 
further developed and can be promoted as they potentially 
have lesser side effects for mpox treatment.
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lic Health Emergency of International Concern; DRC: Democratic 
Republic of Congo; SNS: Strategic National Stockpile; VIGIV: Vac-
cinia immune globulin intravenous
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